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Use of Hepatitis C Virds QaLCV) p7 Frateln 



The present ixxvention relates to the use of hepatitis C vinis (HCV) p7 protem^ and 
paiticulaxly but not exdxisivdly, to its use in rationalised drug design and as a scareen 
5 for antivirai therapeutic' agents. 

Baebgreottd to the Invention 

Hepatit}jB C visw (HCV) is the proto^e member of ttie Hepaeivirmae genus of the 
10 FlaviviHdaA, The viial geaoms is a single co^ung sense RKA of around 9.5 
kilobases and encodes a single polypzotein of around 3000 amino adds tcanalaied in 
a c{qp<'indep^ent manner fiom an Internal Ribosome Entry Site (IRES). The 
polyp?x»tein contains the viral structural proteins towards the N-tmninus. and tJte 
non-smicniral replicalive proteins hx &e C-*tenninaJ two thirds of the molecule. 
15 Individual proteins are generated from this precursor by the action of both host and 
viral proteases. Replication of HCV KNA is thought to occur in the cytoplasm of the 
infected cell in complexes associated with cellular membranes derived &om the 
Endoplasmic Reticulum (ER), leading to the generation of new viral progeny ■wWch 
are released through the se;^reto)ry pathway. 

20 

The HCV viral polypeptide comprises 10 viral proteins in the order of: 
hnS(2)-Core-El-E2-p7-NS2.NS3.NS4A-NS4B-NS5A-NS5B-COOH 

Located «t the junction between the viral Btiuctural and non-structural genes, the p7 
25 protein of HCV is a 63 ammo acid protein of a highly l^drophoWo nature (accession 
number AF054247 CHCVJ4)). Seq[uence analysis suggests that p7 forms an xntegK^ 
membrane protein with two alpha-helical iTr^mff-ihemfarane domains of an 
amphipathic nature sepdxatad by a short stretdti of charged residues. p7 has been 
shown to localise to the ER and plasma membrane and i$ predicted to have its' 
30 termini present in the ER lumim and the charged region on the c3loso]jc aide firom 
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topologicaj studies. However. Ihe function of HCY p7 in Ihe virus life cycle is not 



known. 



to 



Hepatitis C virus (HCV) iafcctioa has emerged as the mt«OT cause of nonrA, lion-B 
viral hepatitis (NANBH) in the world, Cunent estimates from As Woiid Health 
Organisation predict liiat over 3 % of &e world population are cuncntly infected *ifh 
the virus, making it a major pubKo heaHh issue in many countries. Exposure to HCV 
via contact wiHi infected blood lesds in nwist casea to a chronic persistent infection of 
the liver. Furttwmore, tbis'l&oceaa is ofken asymptomatic Wly ddagdng clinical 
itdetvention untfl late stage disease manifests in the form of liver dirhosis. oflm 
leading to end stage Uver fiuhire or hepatooplhiUa carcinoma; a rapidly progressive 
cancer with apoor prognosis. Current tr«ffteeiil of HCV disease comprises type 1 
hrterferon often in oombinatiotx vrfth Rfljaviiin. there being no vaccine curtently 
available. However, diis treattnent is often ineffective against the HCV genotypes 
15 conimonintheUSAandWesternE«rope,andthere&w<her8i8aneedfornev.and 

■ effective antiHwalagents/aierapies. 
Statemmt of the lnv«ition 

20 The present invention resides in the surprising observation that HCVp7 forms ion 
channels thus making it a suitable target for rationalised drug design of anti-viral 
compounds. 

As nsedlwtefai the word "comprises" is not exclusive, i.e. ft indicates that the subject 
25 offteverbneednotconfdstonlyofitsotgectbutms^inclndetheoblectoffteverb 
and one or more sdditionfll elements. Cognate Hcpressions are to be conslrued 
acooidingly. 

According to a fhst aspect of the invention there is provided use of HCVp7, a 
30 variant. Anwtionally efiGfective fragment or a m^rtation thereof in screening candidate 
oomponnds that inhibit or increase ion channel activity. 
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Referance herdn to m. HCVp7 variant. fiBiictioiuiUy sfEeodve fiagment or a inutBtion 
fheteof u intended to mdvde any part of the sequence identified as accession nuxnber 
AP0S4247 (HCVJ4) oi its eggjiesnon products mMxHi has ion chanm^ acti\dty. 

S Preferably. HCVp7 is coupled to a poIyCauoino add) sequence. 

Coulping may be for ^xwoaple by coval^t boaduig, homo or hesterQfimctiQnal Unking 
or tiburough chetnical cross-linkage or by a natural pepetide. 

10 PrefiMably» the poIy(6inisD acid) sequmce ooxnprisiiig basic natural or uimatural 
amico acids such as ARO, LYS or HIS. 

Preferably^ the HxHg^ is a poly HIS con^sing at least 2 and up to SO residues. 

15 PreferEibly^ fiie poly HIS comprises at least 2 and up to 15^ or al least 2 and up to 10 
or more preferably still at least 2 and up to 6 and px^fexably at least 4 residues. 

Preferably, the HCVp7 is incoiporated into a membiane for exaxxiple and without 
limitation a black lipid membrane. 



In another embodimexit of the invention aucleic add encoding the HCVp7 protein, 
variant, functionally effective fragment or a mutation thereof is incotporaled into or 
compnsed in a viral system. 

25 Rflfoence herein to \iral ^tem is intended to include, examples such as and "mitiiout 
linutation a herpes virus, adenovirus or pox virus vector. 

According to a yet further aspect of the invention there is provided a method of 
scxefauQg a conipound^ preferably 6om a compound library for compounds, that 
30 inhibit or enhance ion cbannel activity comprising the st^s ofz 
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0 corrtacting a membme comprising an HCVp7 protein or a viral 
system including a nucteic acid encoding an HCVp7 protein with a 
candidate compoiuad; and 

(ii) measuring ion channel activity across said msmbcanfi or In vital 

According to a yet fiirthar aspect of Ihe Invention ttiere is provided a ofifliod of 
screening a compound or a compound library for efficacy of inhibition or enhanced 
ion channel activity coniprising fiic steps oft 
10 CO contacting a membrane comprising a HCVp7 protein with a camKdate 

compound or a viral system including a nucldo acid encoding an 
HCVp? protein wth a can<fidate compound; and 
(ii) comparing the activity of said candidate compound with a standard. 

15 The standard may be a known inhibitor or enhancer of Ion channel activity, for 
exanqple amantadine. 

It wll be appreciated ftiat the methods of the present invention advantageously allow 
for high-throughput screening of large dnig libraries for compounds that inhibit or 
20 increase ion channel activity or compounds with improved efficacy over prior art 
compcxmds. 

Preferably, Ihe methods of fte invention further mchide any one or more of the 
preffered features hereinbefore disclosed. 

25 

According to a yet furfiier aspect of the invention tiicre is provided use of HCVp? in 
flie assessment of channel formation by p7 variants and mutants thereof. 

According to a yet fhxther aspect of tlie invention there is provided a compound 
30 identified according to the method of the invention. 
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According to a yet further aspect of ifad invention there is provided an antiviral 
Ifaeiapeutic agent as identified by the metiiod of Hie invention. 

According to a y^ fvuther aspect of 1he invention there is provided use of a 
5 therapeutic agent identified by the method of the present invention in the pre]>aration 
of a medLcament for the treatment of a viral infection. 

Aceoxding to a yet fiinher aspect of the invention there is provided use of a 
fherapeutic agent identified hy the medwd of the present invention in the preparation 
10 of a medicament for Aa treatment of hepatitla. 

According to a yet further aspect of the invention there Is provided use of a 
therapendc agent identified by the method of the present; invention in the preparation 
of a medicament for the treatment of hepatitis C virus (HCV) mfecdon. 



According to a yet fiirthter aspect of the invention there is provided use of an antibody 
directed against HCVp7 as an inhibitor of channel ion activity, pliarmaceutlcal 
preparationG thereof and use in the manufacture of a medicament for the treatment of 
hepatitis C virus (HCV) infection. 

The invention yAU now be deathbed by way of example only with reference to tho 
Allowing Figures wherein: 



Figure 1 illustrates p7 hexameriisation in membranes of HepG2 cells; 
Figure 2 shows transmission electron microscope images of GSTp7 in liposome^ 
Figure 3 iUusiitates computer modelling of p7 hexameilsation; 
30 Figure 4 a schematic representation of a black lipid membrane (BLM); 
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liguie 5 shows GSTp7 voltage-gated ton chamsl astivity in BLMs; 
F^uie 6 shows GSTHDSp? staHlisalion; 
S Figure 7 shows OSTHISp? caloiran ion channel activity; 
Figart 8 shows fflSp7 calcium tott channel activity and ; 
Figure 9 shows amantatfine inhibits HISp7 ion channel fiwmation. 
Detailed Description of the Inyention 



Many animal virusea encode proteins of low molecular weight, which are 
hydrophobic and fonn oUgomers. When these proteins are individuaUy expressed in 
IS bacteria or in animal ceUs. they induce profound modificalions ia ceUuto 

permeabiUty. These proteins therefore, have been coUccdvdy teimsd as Vuopotins'. 

Amongst the viral proteins that enhance membrane permeability are poUoviius 2B. 

2BC and 3A, the togavinifi 6K polypeptide, influenza M2 and Vmi ftom HIV-1. 

These Viropoiins axe all small integral membrane proteins that oligomerise to feim 
20 ion channels in cellular and often viral unembianes. They usually fenetion so as to 

modulate cation exchange t» feciUtate egress of virus particles from celb or changes 

to the interior of virus partides, Perteq.s the most femousoflhesc proteins is the M2 

protciii Of InfluerBa A virus which U the tarset of the first anti-vbal drug; 

Amantadine. We provide evidence that p7 is a Viroporin and that it too will 
25 oUgomerise in membmnes to &im ion channels in a simUar fashion as M2 thus 

making HCVp7 a suitable target for anti-viral compounds. 
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jBLM Experlmmtal Ptocadtms 
Solutions / Chamber Preparation 
5 All buffer solutions were prepared by dissolving the relevent amoiznts of KCl, CaCfe 
(Both Aldnch 99+%) and PBS in MiUiporc water (^18MQ) to give the following 
wncemrations. O.llvl 0.2M, O.SM, IM oad 4M» A commercially available BLM 
chamber was pxe-clea^jed by iraDiersion in DECON/MiUipore water (^18Mn) for 
24hrs prior to all e3q>erimes3tS4 To reanove all traces of det^gent the chamber was 
10 flushed with numizig water for at least five horns. Ixnmediate]^^ before use the 
chamber was washed extensively wilfa Mtllipore water (^ISMfi) and dried in N2. 
Silver chloride electrodes were prepared using electrochemical deposition of chloride 
onto silver wire (d'^lnun) firom a concentrated KCl solution. Agar bridges were 
pEcparcd by cleaning glass pipettes in Methanol (HPLC grade) then storing in a 
IS drying ov^ The pipettes were moulded into the correct shape mijog glass blowing 
tecfaniques. A 4M buSfer solution containing 2% bacterial agar was pipetted and the 
Agar bridges tinis formed were stored in 4M buffer solution until required. 

Lipid Preparadvn 

20 A number of lipid compositions were investigated using the following methodology, 
A 30jil aliquot of phosphatildylethanolamme (25mg ml"^ - Lipid Products) was added 
to 38ja1 of phosphatidylserine (25mg ml'^ - Lipid Products), The solvent was 
removed with N2 and the lipids were dried under vacuum for Shours. After diying the 
lipids were redissolvcd in 30(il decane (Aldrich 99.S+%), vortexing as required^ then 

25 stored on ice prior to use. 

Lipid Blither Formadon/Reeordiag 

The two Ag/AgCl electrodes were placed in a Faraday cage to minimise noise during 
coanmX xecordin^ and connected to a computer via an AXON patdiclamp filt^ed at 
30 50Hz, an ADC inter&ce and a DAT recorder. AXON pclamp software was utilised 
to record and analyse the traces. A san^le of the lipid hi decane solution was 
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brushed aioimd the chamber cup pore (200pin.) to act as a "glue" and aid staHe 
bUayer foirosdon. The chambers were filled -with the required buffer soludon. and the 
current and capacitante momtored to ensure that the cup pore unWctcked. A 
sample of the lipid solution was brushed across the oup pore until a stable 
5 capacitance was recorded. Hie lipid v«is then allovred to ftin and stabflisa over a 
ISmin period. Only membranes llttt gave aeio cwient and spm&t capadtaiwes of 
0.3-lnP cin^ were used ftarthex fiw i«otein studies. Tt» cfe ehambw was clamped and 
4b trans chamber e^Iied voltage was varied between +r-280mV to monitor the 
stability of the bilayer and to deteonine 4© preswace of possible contaminants. 
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Protein /AJHontadbu Studies 

Wtsying amounte (15-lOOjd) of the proteins under study (GST, GSTp7, GSHiisp? 
and hi?p7 in mathanol or PBS- see detaUed description of Ae invention) were 
iqjected into Hie irons compartment ofHw BLM chamber. After lOminutes the 
15 applUsd voltage was varied beftween +/- 280mV and the resultant current signals 
recorded as a function of time. 

To monitor the effect of amantadine (Aldrich) on the formation of ion channels, 40nl 
of amantadine (20nM in. methanol) was added to both cis and trans compartments. 
20 TTie current traces shovsring blocking of ion channels were recorded wHhin SOsecs 
after amantadine iqjection. 

Bet^akdpntocolforclonbig/txprasUfn/pHryUxtio GSTmSpT, and 

HISp7, 

25 flanaration of p J" Ttild coMttucts . The p7 sequessce of hepatitis C virus IB was 
amplified via PGR ush« the J4 isolate infectious clone i^J46LS as a template 
(Virology. 1998 Apr 2S;244(l);161-72). PGR was carried out iising a proof-reading 
tbennostable polymerasei Vent polymerase (New England Biolabs) according to 
momifBCtuxtra instructions. The p7 cassette was generated using primeis; newp7Fwd 

30 5' - ATATATGAATTCGCGGCCATOGCCTTAGAGAACTTGGTG - 3' (SEQ ID 
NO:l) and newpTRav 5' - ATATATACTGCAGGCGGCCGCGQCOTAAGCTCG 
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TGGTCSQTAACQ - 3' (SEQ ID NO:2) . The HTSp? cwsette was generated using 
primers; neAvpTRev (above), and HISp7Fwd 5' - ATATATGAATTCGCQOCCAT 
GCATCaTCaTCATCATCATGCCTTAGA GaAC TTG - 3' (SEQ ID NO:3). PGR 
amplified DNA was extracted with phenol/chlorofonn (25:1) pH 8.0, ethanol 

5 precipitated, and digested with Eco Rl and Not I restriction endonucleases (New 
England Biolabs) at 37 for 3 hours. Resulting sticky-eaded DNAs were puitSed 
by agarose gel elfictrophore^ followed by phmol extraction and ligated to the 
Glutafliione-S-Transferase expression vector, pGEX4Tl (Amersiham Phaimacia 
Biotech, Genbank accession number U13853) which had been digested and purified 

10 in tiie same manner, using a rapid DNA ligation kit (Roche Diagnostics). Ligations 
were transformed into E. cqH DH5a and resulting clones were confemed by 
rastriotion digest to release the cloned ftagment and by double stranded DNA 
sequencing (Laik Technologies, UK). Plasmids were named pOBXp? and 
pGEXHISpT. 



Expression and nurificatjon of GSTp7. A single colony firom a fiesh tianaformatten 
of pGEXp7 was used to inoculate a 5 ml overnight culture (LB +100 jig / ml 
Ampidllin) grown at 30 ^C. This was then used to seed a 400 ml culture which was 
grown at 30 ''c to an ODeoo of 1.0, At this point, IPTG dsopropyl p-D- 

20 thicgalactopyranoside) was added td a final concentratioia of 0.1 mM in otder to 
induce expression from the Taq promoter, and the cultures grown for a further 2 
hours. Cells were pelleted at 6000 rpm in a Sorvall SLA-3000 rotor for 10 min at 4 
The resulting pellet was resuspended in 10 ml PBS containing 1 tnM DTT 
(Di&iothmtol) and protease inhibitor codctail (Roche Diagnostics). 0.5 ml of 

25 ly$ozyme (10 xng / ml) was then added and the misctuze incubated at room 
totttpe^tute fi)r 5 min to dear* Leirge cellular debris waa disrupted by sonication, 
followed by tiiie addition of 1 ml PBSyDTT/10 % IMton X-100 and coalrifiigated 
(SorvaU SLA-1500 lOtot) « 10000 ipm for 10 min to pellet debris. 1 of a 1:1 
suspension of glutathione-sqiharosd beads Ihen added to the supematant and the 

30 oaiKture rotated at 4 for I h. Beads were theaa washed tihuree times in 
FBS/DTT/protease inhibitor, and finally resuspended in PBS^DTT at a 1:1 ratio v/v. 
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Beads were loaded onto a pavity colunm (Clontech) and washed thicc times wth SO 
mM Tris-Cl, pH 8.0 to equilibrate. Fusion proteins were then eluted by the addilioo 
of 3 X 0.5 ml Tris-CI. pH 8.0 containinE 20 mM reduced Oltttafliionc (SIGMA). The 
second and third elutions were pooled and dialysed uang a Slide-arlyzBr cassette 
5 (PJerce Eodogett) in PBS Or MeOH. Puxity and conccnteation of the protein was than 
determined by SDS-PAGE and BCA. 

T;. ^.srion and im^ flr.«rtio« of GSTHISn?. OSTHISp? was expressed and purified in 
the same way as CW, exwpt that instead of a stailOT ciilt^^ 
10 was inoculated vith a singl© colony and s«>wn 

with 0.1 niM final concentiatLon IPTG. followed by growth ovenrisht at d» same 

r^««ri^on of HT Sr-y OSTHTSn? hv thromMn cl^vage. Pte-dialyds, 

15 GSTOISp? -was cleaved et fb& throrabin cleavage site present in the pGEX4Tl 
polylinksr by the addition of 10 units / mg^ fiision protein thrombin (SIGMA), 
liacubatlon was carried out overnight at room temperature and tire cleaved HISp7 
scanned by GS-trap^ (Amersham Pharmacia Biotech) clwomatogiaphy foUowed by 
collecting the flow-through after passing through a 10 000 MWt filter ( Miorosep. 
20 PaU life sdences). Purity and concentration were then determined by mass 
spectometry, SDS-PAGE and BCA. 

EXAMPLE 1 

Afl previously diacuased, Viioporins. are all smaU ialegrjd membrane piotelns that 
25 oligomerise to fonn ion channeb in cdtahir and often, viral membranes. They 
nsually function so as to modulaXe cation exchange and to fedlitate egress of virus 
particles fiom cells or damges to the interior of virus partidca. 

With reference to Figures 1 and 2 It has bean shown that HCVp7 forms hexamcrs 
30 both IB vi>o in HtieQ2 cells and in vivo in Uposomes. Figure 3 iUustraJes the 
computer modelUng of HCVp7 hexahsrisaJion. These observations coupled with the 

10 
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hydrophobic nature at ihe ammo acid 1^1 suggest that HCVp7 is indeed a member 
of Uie Viroporin &niily. Figure 4 provides a schematic repEteseatation of HCVp7 
incorporated in a BLM 

EXAMPLES 

With ref^eacB to Figure 5, we have beam able to demonstrate that a GSTp7 fusion 
parotcin has voltage-gated ioo chanixel activity in BLM Moreover, stabOtiy of the 
fusion protein ioc^reases \fy ihe incorporation of a 6-HlS linker as seen In Figure 6. In 
additiony we have been able to demonstrate that (he inclusion of a 64-iIS linker 
increases ion channel activity in the presence of both K"** and Ca ^ eiectolytes as seen 
in Fig^ure 7. IThe effect being more pronounced in the presence of the Ca 
electolyte. 

EXAMPLES 

We have found that removal of the GST part of the fiision protein, so that p7 is 
associated only vdth the 6-HIS linker, resulted in an unexpected 5 fold increase in ion 
ohatmei activily in the presence of both and Ca ^'^ eiectolytes (Figure 8). The ion 
channel activity still being more pronounced ia the prraencc of the Ca electolyte. 
These results are surprising since p?, wMch has two a helices, is lipid soluble and 
vvas fused to OST in order to make the molecule more soluble. Accordingly these 
cesults suggest that HISp7 acts as a voltage^^gated caldum chamxel BLM in the 
absence of a fusion ^tein and that it represents a novel target &r screening 
compounds that inhibit ion channel activity. 

EXAMPLE4 

Our studies have demonstrated that amantadine inhibits ion diannel formation by 
HISp7 (Figure 9) in the micromolar range. This confixms the potential use of HISp7 
as a target for screening inhibition of channel activity and may lead to the discovery 
of alternative anti-viral therapies. 
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Claims 



1. Use of HCVp7, a variant, functionally effective fiagmeni or a mutation 
thereof in scteening candidata compounds that inhibit or increase ion channel 
5 activity. 

2. Use according to claim 1 vibexeSn HCVp7 is coi^lcd to a polyCamino acid) 

,0 3. Use acooiding to claim 2 wherein the poly(wnino add) sequenoeJinfcer 
cctiupri&es & basic natural amino acid sdectsd fiwm the group ccHnprising ARO, LYS 
or HIS. 

4 Ubc aocotding to cithar daim 2 or claim 3 vherffln the poly<amino add) 
15 sequence is a polyHIS sequence. 

5. Use according to claim 4 yrherein tbs polj«lS sequence oon5)rises at least 2 
and up to 50 residues. 
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6. Use according to claim 5 wherein the polyHIS sequence comprises at least 2 
and up to 10 residues 

7. Use according to any preceding daim v*»refai HCVp7 is incoiporated into or 
comprised in a membrane. 

g. Use acccoding to claim? wdbierain the membrane is a blade lljAd membrane. 



9. Use according to any one of daims 1 to 6 wherdn a nudeie acid encoding the 
HCVp? pwt^ variant, fuaetiondly efiEecthre fragment or a mutfltion thereof is 
30 incotporated Into or con^iised in a vital ^aton. 
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10. A xnetbod of screening for cotapotmis that inhibit or enhance ion chflnnfil 
scitivily comprismg the steps of: 

(i) contacting a membranfi comprising a HCVp7 protain or a viral system 
moluding a niicleic acid encodix^ an HCVp7 protein with a candidate 
conipound; and 

(ii) measuring ion channel activity aoross &aid mdmbiane or in viral 

system. 

11. A method of screening a compound for efficacy of inhibition or enhanced ion 
diannel activity conqnising the steps of : 

(i) contacting a membrane comprishig a HCVp7 protein or a vira), jrystem 
including a nucldc acid encoding an HCVp7 protein vAUol a candidate 



(ii) comparing the activi^ of said candidate compound with a standard. 

12. A method according to either claim 10 or II further including any one or 
more of the fealwes of claims 2 to 9. 

13. Ude of HCyp7 in the assessment of ion channel fomiation by p7 variants 
and/or mutants ihsroof. 

14. Use according to claim 13 further including any one or more of the features of 
claims 2 to 9. 

15. A compound identified according to the method of any one of claims 10 to 



16. An fintjvlitil therapeutic agent as identified by the method any one of cilaims 
10 to 12. 
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17. Useofatherapeulica^ntideatifiedbythemethodanyoneofda^ 10 to 12 
iQ the preparation of a medicament for the treatment of a viral infection. 

18. Use of a therapeutic agent idenHlBed Ae metliod any one of claims 10 to 12 
S in the preparation of 3 medicament for the treatment of heparitis. 

19. Use of atibiexapeuticagentidentifiedlQrdiemefcod of anyoneof claims lOto 
1 2 in the preparation of a medicament for the treatment of h^atitis C vinos (HCV) 
infection. 

10 

20. Use of tai antibody diwcted against HCVp7 fis an iriiibttor of channcsl ion 
actM^, phann»»utiwd pjqpaiations ihstwf and iB^ 

Jiwaicainent for <hc trcatmsnt of hqwtWs C virus QHCV) infection. 
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Abstract 

The present invention relates to the use of hiepatitis C virus (HCV) p7 protein, and 
p^ovlarly but not exol\>sivdy, to its vae in rationalised drug design and as a screen 
for antivixal therapeutic agants. 
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